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* NOTICES * 




JPO and NCIPI are not responsible for any 
. damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Catalyst material characterized by fixing a catalyst to a permanent magnet and generating 
a gradient magnetic field near the interface of a catalyst. 

[Claim 2] Catalyst material characterized by coming to have the enveloping layer which consists of 
matter which is chemically stable and lets line of magnetic force pass on the surface of a permanent 
magnet, and the catalyst which this held. 

[Claim 3] Catalyst material according to claim 2 characterized by making a catalyst adhere on an 
enveloping layer. 

[Claim 4] Catalyst material according to claim 2 characterized by covering a permanent magnet with 
the matter which is chemically stable and lets line of magnetic force pass, and the mixture of a 
catalyst. 

[Claim 5] Chemical reaction equipment characterized by making the catalyst material of claim 1-4 
given in any 1 term support in the support which the matter and resultant which participate in a 
reaction can move. 



[Translation done.] 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
• damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the catalyst material which can control a chemical 

reaction efficiently, and the chemical reaction equipment using this. 

[0002] 

[Description of the Prior Art] In order to manufacture the quality of the specified substance 
efficiently from the former, the approach of controlling a chemical reaction has been widely used by 
choosing reaction conditions, suitable catalysts, etc. of reaction temperature, reaction pressure, 
reaction time, and reacting matter, such as concentration. In recent years, this invention persons 
developed the approach of controlling reactions for which the magnetic susceptibility of the matter 
which participates in a reaction before and after a chemical reaction increases or decreases, such as 
oxidation, a reduction reaction, etc. in which the oxygen gas of a paramagnetism participates, by 
applying a gradient magnetic field (patent No. 2034895). Generally, magnetic force occurs under the 
gradient magnetic field where magnetic field strength changes with position coordinates. The 
magnetic force (F) which acts on the matter per unit volume is expressed with the product of bulk 
susceptibility (chi), magnetic field strength (H), and a field gradient (dH/dX) as the following type 
(1) (a chemistry great dictionary, four volumes, 167 pages, KYORITSU SHUPPAN (Showa 44)). 
Formula (1) 
F = chiH (dH/dX) 

(Among a formula, in F, bulk susceptibility and H express magnetic field strength, and, as for 
dH/dX, the magnetic force per unit volume and chi express a field gradient.) 
[0003] The oxygen gas which participates in oxidation and a combustion reaction is a 
paramagnetism, and the bulk susceptibility is a forward large value (+1.5xl0-7e.m.u.), and has the 
property drawn to a magnet by the strong force. Almost all matter is diamagnetism, and the bulk 
susceptibility is a negative small value, and is weakly ****ed to a magnet. For example, in the 
oxidation reaction using a combustion catalyst of an organic compound, the oxygen gas of an 
organic compound, carbon dioxide gas, and water is diamagnetism in a paramagnetism, if a reaction 
advances, oxygen will be consumed and magnetic susceptibility will decrease. 
[0004] The explanatory view having shown typically oxidation reaction of the organic compound 
which adhered on the catalyst in case a combustion catalyst is all over a gradient magnetic field as an 
example of the chemical reaction control approach (said patent) which used for drawing 5 the 
gradient magnetic field which this invention persons proposed previously is shown. A sectional view 
shows drawing 5 (a), 22 shows a combustion catalyst, 25 shows an organic compound, and drawing 
5 (b) is a graph which shows the reinforcement H of the magnetic field on which the catalyst 22 is 
put, and the relation of a location X. It is shown that the gradient magnetic field which magnetic field 
strength increases gently is applied as X shaft orientation and the location of a graph of drawing 5 (b) 
are equivalent to the vertical direction and location of drawing 5 R> 5 (a) and a catalyst (X= 0) is 
approached. All over such a gradient magnetic field, since oxygen gas is drawn to a catalyst interface 
with magnetic force and carbon dioxide gas and water of a resultant are eliminated on the contrary, 
oxidation reaction is promoted on a catalyst. 

[0005] Thus, the catalytic reaction (oxidation reaction) and the interface reaction in which oxygen 
gas etc. participates are controllable by conveying the matter which participates in a reaction with 
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magnetic force. In order to nJ^it react efficiently by this approach, it is t^fearest possible 
location only near the catalyst (i.e., a reaction site), and it is very important to generate big magnetic 
force. Since magnetic force is generally proportional to the product of magnetic field strength and 
inclination, and H (dH/dX) as shown in the formula (1), in order to control the chemical reaction 
using the above-mentioned magnetic force effectively, it is desirable to generate the steep gradient 
magnetic field in which H (dH/dX) has a big value near the catalyst. However, when based on the 
gradient magnetic field evolution method which used a certain electromagnet etc. from the former, 
equipment became large-scale, the expensive and large-scale power source etc. was required, and the 
problem was in use in actual sites, such as works. Moreover, it was difficult to generate a steep 
gradient magnetic field with such equipment only near [ where a reaction actually advances ] the 
catalyst interface. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, this invention can generate a gradient 
magnetic field near the catalyst interface, and can make the chemical reaction using a catalyst 
perform efficiently, and aims at offering the catalyst material which it can be compact and can be 
offered at a low price. Furthermore, this invention is a catalyst interface in a gradient magnetic field, 
and aims at offering the chemical reaction equipment which can be made to react efficiently. 
[0007] 

[Means for Solving the Problem] The result of having repeated research wholeheartedly about the 
approach this invention persons make a catalyst interface generate a steep gradient magnetic field, If 
a direct catalyst is fixed to the front face of powerful permanent magnets, such as a neodium-iron- 
boron system, or it covers by the matter which is chemically stable in a permanent magnet and lets 
line of magnetic force pass and a catalyst is made to adhere to the front face further It found out that 
the steep gradient magnetic field which can perform the above-mentioned chemical reaction control 
efficiently could be made near the catalyst interface. This invention was made based on this 
knowledge. Namely, the catalyst material characterized by for this invention fixing a catalyst to (1) 
permanent magnet, and generating a gradient magnetic field near the interface of a catalyst, (2) 
Catalyst material characterized by coming to have the enveloping layer which consists of matter 
which is chemically stable and lets line of magnetic force pass on the surface of a permanent magnet, 
and the catalyst which this held, (3) Catalyst material given in (2) terms characterized by making a 
catalyst adhere on an enveloping layer, (4) Catalyst material given in (2) terms characterized by 
covering a permanent magnet with the matter which is chemically stable and lets line of magnetic 
force pass, and the mixture of a catalyst, And the chemical reaction equipment characterized by 
making the catalyst material of (1) - (4) term given in any 1 term support in the support which the 
matter and resultant which participate in (5) reactions can move is offered. 
[0008] 

[Embodiment of the Invention] The catalyst material of this invention comes to have the enveloping 
layer which covers a permanent magnet if needed in a permanent magnet and a catalyst, and a list, 
and holds a catalyst. The magnetic field where, as for the "gradient magnetic field" generated by the 
catalyst material of this invention, distribution of magnetic field strength has the relation in which it 
decreases as it separates from a catalyst is said. In this invention, the location of the interface of a 
catalyst is included near the interface of a catalyst. In this invention, a steep gradient magnetic field 
can be especially generated near the interface of a catalyst. For example, although it changes also 
with the classes and environments of a chemical reaction using catalyst material, (dH/dX) of a 
formula (1) can generate a magnetic field 0.1T [/cm ] or more, and the permanent magnet which for 
that can form a desired gradient magnetic field is chosen suitably. Specifically, a samarium cobalt 
magnet besides the above-mentioned neodium-iron-boron magnet etc. can be used. The size of a 
permanent magnet and a configuration can be suitably chosen according to the purpose of use etc. In 
this invention, in the environment of a chemical reaction using catalyst material, when stable, the 
permanent magnet to be used makes a catalyst adhere directly on the surface of a permanent magnet, 
and can consider as the catalyst material of this invention. Moreover, when the permanent magnet 
itself tends to change chemically by the operating environment, it is desirable to cover a permanent 
magnet front face for line of magnetic force by the stable matter through and chemically. Although it 
is that the magnetic field strength after enveloping layer passage is not zero with "it lets line of 
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magnetic force pass", it says ^^t is 90% or more before enveloping layer^feage preferably, and 
in the environment which uses catalyst material, the component of an enveloping layer does not 
participate in a reaction substantially, but "it is stability chemically" means not changing. Although 
the matter which covers a magnet front face is suitably chosen according to the environment which 
uses catalyst material, plastics, ceramics, glass, etc. are mentioned, for example. Although the 
thickness of an enveloping layer is also set up suitably, the gradient magnetic field where the one 
where an enveloping layer is thinner is steep is obtained, and since [ which arranges a catalyst in a 
near location by the permanent magnet front face ] things can be carried out, 0.0 1-0. 1mm costs 1mm 
or less still more preferably preferably. 

[0009] The matter for adhesion (what is chemically stable and lets line of magnetic force pass) is 
used for the first mode of the catalyst material of this invention if needed, and it makes a catalyst 
adhere and fix to a permanent magnet directly. The second mode of the catalyst material of this 
invention makes a catalyst adhere and fix to an enveloping layer front face like the above, after 
forming the above-mentioned enveloping layer. Moreover, there is a thing which made the catalyst 
contain in an enveloping layer by covering a magnet front face with the enveloping layer 
morphogenetic substance which mixed the catalyst as the third mode. Furthermore, another layer 
which consists of a catalyst and catalyst support matter may be formed on an enveloping layer as 
another mode. The catalyst support matter in the case of forming another layer can be suitably 
chosen by a class of catalyst, an operating environment of catalyst material, etc. which are made to 
support. 

[0010] If the class of catalyst used in this invention can be fixed to a permanent magnet as mentioned 
above or it can be made to support on an enveloping layer or in an enveloping layer, especially a 
limit will not have a photocatalyst, a combustion catalyst, etc., for example. According to the catalyst 
material of this invention, since a gradient magnetic field can be formed near the interface of a 
catalyst in the reaction using not the whole reaction place but a catalyst, a catalysis can be promoted. 
The chemical reaction to which bulk susceptibility falls with advance of a reaction is promoted, and 
since the chemical reaction which bulk susceptibility increases with advance of a reaction is 
controlled, oxidation reaction, a combustion reaction, etc. can be made to react efficiently, if the 
catalyst material of this invention is used. The catalyst material which adhered and specifically fixed 
photocatalysts, such as combustion catalysts, such as platinum, titanium oxide, and a zinc oxide, etc. 
as such catalyst material is mentioned. Moreover, the particle size of the catalyst to be used or the 
thickness of a catalyst content layer is 0.1mm or less preferably, although there is especially no limit. 



[001 1] Although it can choose suitably by the reaction and operating environment which are made 
into the purpose, catalyst material is distributed in a reaction medium, and also it can also be used, 
for example, making support able to support the operation of the catalyst material of this invention. 
The matter and resultant which participate in the target chemical reaction can move in the inside of 
it, and the support which makes catalyst material support enables the aforementioned migration 
using porous matter (for example, a ceramics porous body, graphite, porous plastics, etc.) if needed. 
Thus, it becomes possible to be able to extend the interfacial area of the catalyst in fixed space, and 
to control a reaction by arranging catalyst material in support still more efficiently. Distributing and 
arranging the catalyst material which supplies a direct reaction raw material, oxygen, etc., for 
example into support, and is made to react by the catalyst interface as operation of the catalyst 
material which the above-mentioned support was made to support and which support was made to 
support at the reaction place in a reaction container etc. is raised. When using support, catalyst 
material adjusts quantity etc. suitably so that the amount of the catalyst concerned which usually uses 
all when not using for a reaction place in the reaction may exist. Moreover, about distribution of two 
or more catalyst material, and arrangement, even if a mutual magnetic field influences, it considers 
as distribution of catalyst material in which the required gradient magnetic field is formed, and 
arrangement. Moreover, what fixed the catalyst to the magnet material which has not been 
magnetized probably can be distributed in the support matter, and it can arrange, and can also 
consider as the catalyst material in which you made it magnetized by applying a magnetic field with 
an electromagnet etc. after that, and the suitable gradient magnetic field was formed, and the 
chemical reaction equipment which has arranged this catalyst material further. 
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[0012] The chemical reaction^^pment of this invention is characterized l^^iving the catalyst 
material which the above-mentioned support was made to support. Although the chemical reaction 
equipment of this invention has the usual reaction container, a reaction feeding means, a resultant 
recovery means, etc., there is especially no limit in these. Arrangement of the catalyst material which 
the support in chemical reaction equipment was made to support etc. is suitably set up so that it may 
become the above-mentioned operation. 

[0013] The catalyst material of this invention and the chemical reaction equipment using this have 
more effective magnetic susceptibility to the chemical reaction which decreases more greatly before 
and after a reaction. 
[0014] 

[Example] Next, with reference to a drawing, it explains to a detail further per example of this 
invention. 

Example 1 drawing 1 is the explanatory view showing one example of the catalyst material of this 
invention. Drawing 1 (a) indicates the organic compound 5 of the front face to be the catalyst 
material 1 which it adhered [ material ] and made the catalyst 2 fix to the front face of the enveloping 
layer 4 which covers a permanent magnet 3 with a sectional view, and drawing 1 (b) is a graph 
which shows typically the reinforcement H of a magnetic field and the relation of a location X to the 
catalyst material 1. Although the thing to which the thin film-like catalyst 2 was made to adhere was 
shown in drawing 1 , the configuration of a catalyst may be granular **, and may distribute and 
adhere on an enveloping layer. The X-axis of the graph of drawing 1 (b) is the distance from the 
interface of a magnet 3 of the vertical direction of drawing 1 (a), drawing 1 (a) and drawing 1 R> 1 
(b) correspond about this distance, and the steep gradient magnetic field which magnetic field 
strength increases has occurred as are shown in drawing and a catalyst 2 and an organic compound 5 
are approached. 

[0015] As what shows the magnetic-field-strength distribution near [ above-mentioned ] the catalyst 
interface, the thickness of neo MAKKUSU (a trade name, the Sumitomo Special Metals Co., Ltd. 
make, neodium-iron-boron system) shows 2cm long, the thing of a 3 cm wide rectangular 
parallelepiped, and the measurement result of the magnetic-field-strength distribution of thickness of 
2cm long, the thing of a 3cm wide rectangular parallelepiped, and two kinds of permanent magnets 
by 3cm to drawing 2 by 1cm. N pole in about three-permanent magnet magnetic-field-strength 
measurement, the south pole, and X shaft orientations were shown in drawing 2 (b). The zero of the 
X-axis is the core of a magnet side (top face by the side of magnetic N pole). As for 1cm and 
drawing 2 (Ha), the thickness of a magnet 3 of the drawing 2 (**) is location distribution of magnetic 
field strength in case thickness is 3cm. Magnetic field strength H is decreasing rapidly as it keeps 
away from the front face of a permanent magnet 3 in any case, the permanent magnet 0.082T2/cm 
(8.2kG2/cm) and whose thickness are 3cm in the permanent magnet whose thickness of the magnetic 
field strength near the front face of a permanent magnet, the product of inclination, and H (dH/dX) is 
lcm — about — it is 0.24T2/cm (about 24 kG(s)2/cm). These values are almost comparable as the 
value of the gradient magnetic field obtained with an electromagnet. Since the thickness of the 
sensor of a gauss meter was 1mm, exact measurement of the magnetic field strength in the location 
very near a permanent magnet front face was impossible, but since magnetic field strength (H) 
becomes the inverse number of the n-th power of the distance (X) from a magnet (n is generally 1-3 
although based also on a magnetic configuration), it is thought that it is an in practice larger value 
[ near the pole on the front face of a magnet ]. 

[0016] Next, when measured also about the case where each permanent magnet is covered with a 
polyethylene film with a thickness of 0.03mm, the result which is not different from the drawing 2 
(**) and (Ha) was obtained. Therefore, it turns out that the steep gradient magnetic field shown to 
the drawing 2 (**) and (Ha) near the catalyst front face exists line of magnetic force in it when such 
a catalyst is made to adhere on the thin film which may be penetrated mostly like [ when particles 
such as platinum and titanium oxide, are made to distribute and adhere on this polyethylene film ] 
the catalyst material shown in drawing 1 . 

[0017] When there is the drawing 2 (**) or (Ha) a gradient magnetic field shown, as the arrow head 
showed in drawing 1 (a), the matter of paramagnetisms, such as oxygen, is drawn on a catalyst front 
face (a catalyst and interface of an organic compound), and the operation of the gradient magnetic 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/18/2005 



JP,2001-205078,A [DETAILED DESCRIPTION] 



PageS of 5 



field where the matter of the ^feagnetism of water, a carbon dioxide, etc.^^be eliminated from a 
catalyst front face itself is understood also from the publication of the specification of patent No. 
2034895. Supply of the oxygen gas of a paramagnetism required for reactions, such as oxidation 
reaction, will be promoted by this, the chemical reaction to which magnetic susceptibility decreases 
will be promoted on a catalyst front face, and a reaction will be controlled so that the chemical 
reaction which magnetic susceptibility increases with reactions, such as a reduction reaction, is 
controlled. 

[0018] Location distribution of the magnetic field strength in the case of having arranged two 
catalyst material of this invention using a cylindrical permanent magnet in the secondary example is 
shown. The drawing 3 (**) is the explanatory view showing arrangement of two permanent magnets 
3 (neo MAKKUSU, the diameter of 3mm, height of 2mm). When a permanent magnet was small, 
since measurement of location distribution of exact magnetic field strength was very difficult, it 
calculated about the magnetic-field-strength distribution in the case of two cylinder-like permanent 
magnets separating 5mm, and existing shown in drawing 3 (b). A Y-axis is the location of the height 
direction and the X-axis is the location of a Y-axis and a perpendicular direction. Drawing 3 (b) is a 
graph which shows the magnetic field strength H near the permanent magnet, and the relation of a 
location X, and is distribution of the magnetic field strength in Y= 1.5mm. Steep gradient magnetic 
field 0.31T2/cm (31kG2/cm) occurs near the permanent magnet 3. For example, the magnetic 
attraction which acts on oxygen gas on this magnet front face estimates it as 46microN/cm3 (4.6 
dyne/cm3) from a formula (1). The result which does not change even if it covers this cylindrical 
permanent magnet with a polyethylene film with a catalyst thickness of 0.03mm was obtained. 
[0019] Example 3 drawing 4 is the sectional view having shown typically the condition of having 
made support supporting the catalyst material which is other examples of this invention. The 
permanent magnet 13 in the catalyst material 1 1 is a ball type thing, and has the enveloping layer 12 
which contains a catalyst on a front face. This catalyst material 1 1 is distributed and supported in 
support 14. Support 14 is the matter porous, for example, and the matter and resultant which 
participate in a chemical reaction can move in the inside of it. The sectional view which expanded 
the part showed the condition that many granular catalyst material was distributing in support in 
drawing 4 . The enveloping layer 12 which chose suitably the thickness of the particle size and the 
amount of a catalyst, and an enveloping layer etc., and formed it so that line of magnetic force might 
be penetrated did not have a bad influence on the gradient magnetic field which a permanent magnet 
forms, and the steep gradient magnetic field was similarly formed near the catalyst interface with 
examples 1 and 2 having shown. In addition, the catalyst material which has the supply means of a 
reaction container besides support and catalyst material or a reaction raw material and the recovery 
means of a resultant, and the above-mentioned support was made to support created what is filled up 
into a reaction container and supplies a reaction raw material, oxygen, etc. directly into support as an 
example of the chemical reaction equipment using the catalyst material which the above-mentioned 
support was made to support. 
[0020] 

[Effect of the Invention] The catalyst material of this invention can generate easily a gradient 
magnetic field and a steep gradient magnetic field, can promote a catalysis, and can make a chemical 
reaction perform efficiently especially near [ where it is the completely new way of thinking of 
combining a gradient magnetic field and a catalyst with a magnet, and a reaction actually advances ] 
the catalyst interface, as explained above. In this invention, large-scale equipment, a large-scale 
power source, etc. are not needed, but easily, simple, a steep gradient magnetic field can be 
generated near the catalyst interface, and the outstanding operation of the ability to make oxidation 
reaction etc. performing efficiently is done so. Moreover, the catalyst material of this invention and 
the chemical reaction equipment using this can be constituted in a compact, and practical use in 
various environments is possible for them. 

[Translation done.] 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** ^ows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 4] 
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